Introduction {#s1}
============

Inflammatory Bowel Diseases (IBD) and hepatitis C virus (HCV) infection are common conditions throughout the world, with an estimated prevalence of HCV infection in IBD subjects ranging from 1 to 6% in Western countries (Biancone et al., [@B3]; Loras et al., [@B26]; Chevaux et al., [@B8]). In the last years, IBD and HCV management has changed according to the introduction of different types of drugs \[immunosuppressant (azathioprine, methotrexate) and biological therapies (infliximab, adalimumab, golimumab, vedolizumab) for IBD and direct-acting antivirals (DAAs) for HCV\], with a great impact on the clinical course of these diseases (Scherzer et al., [@B41]; Gisbert et al., [@B15]; Allen et al., [@B1]; Caso et al., [@B7]; Safroneeva et al., [@B39]).

Since their introduction, anti-TNF agents have become widely used in moderate-to-severe IBD. Infliximab, adalimumab, and golimumab have been approved for use in induction and maintenance of remission in ulcerative colitis (UC), while only infliximab and adalimumab have been approved in Crohn\'s disease (CD). In some countries, also certolizumab has been approved in CD. Different mechanisms of action potentially contribute to the effectiveness of biologics, including neutralization of circulating TNF, inhibition of TNF binding to its receptor, and reverse signaling (Ben-Horin et al., [@B2]). Recently, another biologic drug has been approved for induction and maintenance of both CD and UC: vedolizumab. Vedolizumab specifically inhibits α4β7, impairing lymphocyte trafficking to the gut. It has been associated to lower risk of serious infections or neoplasia than anti-TNF alpha agents (Lobatón et al., [@B23]).

Recently, new classes of DAAs were introduced for HCV infection: the NS5A inhibitors that block the stage of membranous genesis (also known as --asvirs: daclatasvir, ledipasvir, ombitasvir, elbasvir, velpatasvir); the NS5B polymerase inhibitors (or --buvirs: as sofosbuvir and dasabuvir); the NS3/NS4A protease inhibitors (simeprevir and paritaprevir), which are characterized by a theoretically high potency, have a low barrier to development of resistance (selection of resistant viruses), and there is cross-resistance (drug-drug interaction) among the different NS3/NS4A protease inhibitors (Jakobsen et al., [@B19]).

However some questions need to be further clarified; in particular, data about the use of DAAs in IBD patients are still absent and the correct timing of antiviral drugs administration in IBD patients needing biologics has not been evaluated.

In this paper, we aimed to briefly discuss the possible timing strategies of DAAs administration in respect to biologic drugs in IBD patients infected with HCV.

Methods {#s2}
=======

Clinical studies addressing HCV management in patients needing biologics were identified by searching from PubMed, MEDLINE and Scopus. The authors reviewed the studies and identified those which involved HCV subjects needing biologics or had implications for the management of IBD and HCV. Furthermore, several studies focused on drug-to-drug interaction were identified and reviewed to address the safety of biological drugs and DAAs administration.

Sequential strategy {#s3}
===================

The choice of treating firstly the active IBD with biologics and then, once the acute phase of intestinal disease has been controlled, treating the HCV infection, appears to be one of the best timing strategies in this setting.

TNF-α may play a role in the pathogenesis of HCV and the inhibition of TNF-α may be potentially helpful for subsequent HCV clearance (Fukuda et al., [@B13]). In effect, modulation of TNF-α pathways has been claimed even beneficial in HCV patients, as TNF-α is involved in liver inflammation and hepatocyte apoptosis, and up-regulation of TNF pathways was thought to affect non-response to IFN-based treatments (Loras et al., [@B24]; Dill et al., [@B11]; Rahier et al., [@B36]).

Currently, there are no data to suggest that anti-TNF-α (infliximab, adalimumab, and golimumab) and vedolizumab are dangerous in IBD patients with HCV infection.

In the studies by Papa et al. ([@B31]) and Morisco et al. ([@B28]), none of the IBD patients experienced HCV reactivation during anti-TNF-α therapy, confirming the long-term safety of this therapy. The same results were obtained in a case series of 24 rheumatoid arthritis patients infected with HCV and treated with TNF-α antagonists (21 patients with etanercept, 3 patients with infliximab) (Peterson et al., [@B33]). Further observations indicate that anti-TNF-α can be safely administered in patients with different immune-mediated diseases and concomitant HCV infection (Viganò et al., [@B44]; Pompili et al., [@B35]; Sansone et al., [@B40]; Bonifati et al., [@B6]). The largest patient series providing information about long-term outcome of liver disease in IBD patients comes from a Spanish multicenter study (REPENTINA study) (Loras et al., [@B25]), including 74 HCV-infected patients with IBD and a follow-up of more than 20 years. No association was reported between cirrhosis development and prolonged or combined immunosuppressive or biologic treatment, suggesting that progression of liver disease in IBD patients seems to be similar to that reported in the non-immunosuppressed HCV population and that immunosuppressants administration does not result in accelerated liver disease progression (Coban et al., [@B9]), as reported instead in the organ transplantation setting.

However, no published clinical trial data were identified through literature search on the safety and efficacy of DAAs for the treatment of HCV infection in patients with IBD. On the other hand, although no drug interaction studies have been performed between DAAs and biologic agents for IBD (infliximab, adalimumab, golimumab, vedolizumab), it is reasonable that DAAs could be safe also in patients with IBD undergoing biologics (Koff, [@B20]). In fact clinically significant interactions would not be expected (Table [1](#T1){ref-type="table"}), as biologics are not substrates of CYP450 and membrane transporters (Degasperi et al., [@B10]), while most of DAAs are inhibitors or metabolized by these molecules. However a recent study speculated a potential influence of biologics in the metabolism of small-molecule drugs indirectly through the CYP450, but these data need to be confirmed (Gupta et al., [@B17]).

###### 

Drug-to-drug interactions between HCV DAAs and drugs used in IBD (Yeh et al., [@B45]; Degasperi et al., [@B10]; McConachie et al., [@B27]; Binda et al., [@B4]; Geddawy et al., [@B14]; González-Colominas et al., [@B16]; Kondili et al., [@B21]; Langness et al., [@B22]).

                                                                                                         **Immunosuppressors**     **Biologics**                                                                                                                                               
  --------- -------------------------------------------------------------------------------------------- ------------------------- ----------------------------------------------------------------------------- ------------------------- ------------------------- ------------------------- -------------------------
  SOF       No interaction expected                                                                      No interaction expected   No interaction expected                                                       No interaction expected   No interaction expected   No interaction expected   No interaction expected
  SOF/LDV   No interaction expected                                                                      No interaction expected   No interaction expected                                                       No interaction expected   No interaction expected   No interaction expected   No interaction expected
  SOF/VEL   No interaction expected                                                                      No interaction expected   No interaction expected                                                       No interaction expected   No interaction expected   No interaction expected   No interaction expected
  3D        Prednisolone exposure may be increased due to ritonavir CYP3A4 inhibition                    No interaction expected   No interaction expected                                                       No interaction expected   No interaction expected   No interaction expected   No interaction expected
  GZR/EBR   No interaction expected                                                                      No interaction expected   MTX concentrations may be increased due to BCRP and P-gp inhibition           No interaction expected   No interaction expected   No interaction expected   No interaction expected
  DCV       No interaction expected                                                                      No interaction expected   Potential for increased MTX concentrations due to DCV inhibition of OATP1B1   No interaction expected   No interaction expected   No interaction expected   No interaction expected
  SIM       Potential for increased prednisolone concentrations due to SIM intestinal CYP3A inhibition   No interaction expected   No interaction expected                                                       No interaction expected   No interaction expected   No interaction expected   No interaction expected

*SOF, sofosbuvir; SOF/LDV, sofosbuvir plus ledipasvir; SOF/VEL, sofosbuvir plus velpatasvir; 3D, ritonavir-boosted paritaprevir, plus ombitasvir and dasabuvir; GZR/EBR, grazoprevir plus elbasvir; DCV, daclatasvir; SIM, simeprevir; AZA, azathioprine; MTX; methotrexate; IFX, infliximab; ADA, adalimumab; GOL, golimumab; VDZ, vedolizumab; P-gp, P-glycoprotein; OATP1B1, organic anion-transporting polypeptide 1B1; BCRP, breast cancer resistance protein*.

For example, Simeprevir (an NS4/4A protease inhibitor) is metabolized by CYP3A, and is a mild inhibitor of intestinal CYP3A and CYP1A2. Daclatasvir (an NS5A inhibitor) is a substrate of CYP3A4 and of P-glycoprotein (P-gp); furthermore it is an inhibitor of organic anion-transporting polypeptide 1B1 (OATP1B1) of P-gp and of breast cancer resistance protein (BCRP). Paritaprevir is metabolized by CYP3A and is formulated with low dose ritonavir, a potent CYP3A inhibitor, to optimize paritaprevir exposure. Differently, neither sofosbuvir nor ledipasvir are metabolized by CYP450 enzymes and showed a less problematic profile of drug interaction.

About this topic, the European Association for the Study of the Liver (EASL) guidelines suggest that only the etanercept (an anti-TNF agent not used in IBD setting because of inefficacy) has a potential interaction with grazoprevir/elbasvir, which may require a dosage adjustment (European Association for the Study of the Liver, [@B12]).

Very recently, an expert panel summarized the advantages of sequential therapy in controlling extrahepatic manifestations of HCV infected subjects, underlying the ability of this timing strategy in:---differentiating the potential side effects related to the use of different drugs;---being characterized by a better tolerability in comparison to the concomitant ones (Ramos-Casals et al., [@B37]).

Therefore, the choice of treating firstly the IBD with biologics and then the HCV infection using antiviral therapy, could be one of the timing approaches, especially in patients rapidly needing biologics for an acute IBD, because of safety of biological drugs in HCV infected subjects and high rate of SVR after introducing antiviral therapy in patients treated with anti-TNF agents (Gupta et al., [@B17]; Koff, [@B20]; Degasperi et al., [@B10]; Ohta et al., [@B29]; European Association for the Study of the Liver, [@B12]; Ramos-Casals et al., [@B37]).

Concomitant strategy {#s4}
====================

A second possible timing strategy for treating HCV-infected IBD patients is the contemporaneous beginning of DAAs and biologics administration.

Also in this case, it is essential to accurately evaluate the drug-to-drug interaction, as it can delay, decrease, or enhance absorption and metabolism of the drugs favoring or causing adverse effects.

Very recently, an expert panel summarized the advantages of concomitant therapy (Ramos-Casals et al., [@B37]), underlying the rapid complete response obtained with the use at the same time of Rituximab and DAAs in absence of safety issues and without interferences each others. This therapeutic strategy was associated with an excellent reduction of inflammatory/autoimmune response triggered by the virus following the administration of biologics and with the possibility, at the same time, to eliminate the circulatory virus as a consequence of DAAs administration. This last approach is used in situation, such as the hemophagocytic syndrome, in which IBD therapy is given along with antiviral therapy (Ramos-Casals et al., [@B37]). However, potential risks of enhanced toxicity (i.e., hematological) associated with their concomitant use have been reported (Zignego et al., [@B46]). In this case the priority should be given to immunosuppression especially in severe or life threatening diseases.

The available data about the concomitant therapy derived from studies carried out in patients suffering from cryoglobulinaemic vasculitis (Zignego et al., [@B46]). In two controlled clinical trials the combination of Rituximab (RTX) with antiviral therapy showed a synergistic effect, increasing the relapse-free survival.

Recently, Persico et al. ([@B32]) questioned whether or not---and how---to treat the HCV positive patients suffering from diffuse large B cell lymphomas (DLBCL). The Authors treated patients with sofosbuvir plus ledipasvir for HCV 1b and, simultaneously, with chemotherapy (R-CHOP) for DLBCL, without relevant side effects. This interesting report suggests indirectly the efficacy of concomitant strategy also in case of IBD subjects, where anti-TNF and vedolizumab are obviously less problematic drugs than rituximab and/or chemotherapy.

Therefore, the choice of treating IBD and HCV infection at the same time could be considered a valid timing strategy in this setting, because of safety (no drug-drug interaction between biologics and antiviral drugs would be expected) and efficacy (reduction of inflammatory/autoimmune response triggered by the virus with the concomitant administration of biological agents), although specific data in IBD patients are still lacking. It is important to know that, due to the potential risk of hepatitis reactivation during immunosuppressing therapy, current management of IBD patients requires screening for HCV markers before starting immunosuppressive treatment, in order to determine the patient\'s virological status and consequently the need for treating chronic hepatitis. Monitoring liver tests every 3 months (ALT, ALP, GGT, bilirubin, albumin, platelets) is also recommended. In case of concomitant HCV infection, also HCV-RNA should be evaluated periodically (Degasperi et al., [@B10]; European Association for the Study of the Liver, [@B12]).

Inverted sequential strategy {#s5}
============================

Finally, another timing option should be mentioned: the inverted sequential strategy, that is the administration of antiviral therapy before biologics in HCV-infected IBD patients.

Recent evidences have shown that HCV-RNA undetectability could be very early (within 4 weeks) by using DAAs (Sise et al., [@B42]; Tabernilla et al., [@B43]). Consequently, we can speculate that the administration of DAAs may be prior to introduction of biologics in HCV-infected IBD subjects. To the best of our knowledge, data about this timing strategy are still absent. In fact, before the administration of biologics in IBD patients, a screening is required: this could be the exact time point when starting DAAs administration. In the recent study by Saadoun et al. ([@B38]), the regimen based on sofosbuvir plus daclatasvir seems to be able to confer an immunological advantage. Specifically, 41 patients with cryoglobulinaemic vasculitis were treated with sofosbuvir plus daclatasvir, showing that this DAAs regimen was able to revert Treg deficiency and to increase the expansion of IgM^+^CD21^−/low^ memory B cells, T follicular helper (TFH) cells and Th17 cells (Saadoun et al., [@B38]). Such results appear conceptually favorable to obtain a better response with a successive anti-TNF-α regimen. In a case series by Hahn et al. ([@B18]), 3 patients completed treatment with DAAs and then received biologic or chemotherapeutic agents, without viral relapse at least 48 weeks after achievement of DAAs therapy. The persistence of SVR, despite immunosuppressive therapy, suggested that immune factors did not play a role in maintaining SVR after treatment with DAAs.

Therefore, considering these molecular mechanisms, it could be possible to obtain an advantage in administrating DAAs before biologics in IBD patients.

Sometimes, a cytolytic flare during biologic therapy is not be attributable to HCV, but to a drug-induced liver injury (DILI). A recent study by Björnsson et al. ([@B5]), found 1 case out of 120 of DILI due to infliximab (0.8%) and 1 case out of 270 (0.3%) due to adalimumab. Although rare, this aspect needs to be evaluated during administration of DAAs and biologics.

Furthermore, kidney toxicity or unwanted autoimmune responses can complicate the situation (Oikonomou et al., [@B30]; Piga et al., [@B34]). As a consequence, all these aspects need to be evaluated by clinicians managing this kind of delicate patients.

Conclusions {#s6}
===========

Clinical management of HCV-infected IBD patients remains a challenging problem for clinicians, especially in terms of timing choice. Recent published data about DAAs are very encouraging also in patients with IBD, allowing us to better manage HCV infection in the setting of IBD. About this topic, we believe that the timing strategy for treating HCV-infected IBD subjects could depend by several factors, including the IBD activity and patient\'s comorbidity. This means that a case-by-case decision could be the best choice, according to the most recent European Guidelines (Oikonomou et al., [@B30]). Sequential, concomitant and inverted sequential strategies could be all considered safe and effective. However, further data are immediately required in order to evaluate the possible long term poor liver disease outcome in HCV-infected IBD subjects and the hepatic toxicity of novel immunosuppressive drugs in IBD, such JAK inhibitors, anti-IL12/23 monoclonal antibodies and SMAD7 antisense inhibitors, which could potentially interfere with immunological surveillance of hepatotropic viruses.
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